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Amendments to the Specification 
Please amend flie specification as foUom 

Please edit page 23, line 25 as follows: 

TABLE 3 fSEOIDNO: ^ 



Please edit page 10, line 4 (top line of Table 1) as follows: 



Action Sit^ Carbon 
Number 


X Position 


Y Position 


Z Position 


Amino Add 
residue 
(SEOIDNO:!) 



Please edit the paragraph begmning at page 178, line 20 as follows: 

The CHS homodimer contains two functionally independent active sites. 
Consistent with this information, bound CoA thioesters and product analogs occupy 
both active sites of the homodimer in the CHS complex structures. These structures 
identify the location of the active site at the cleft between the upper and Iowa- 
domains of each monomer. Each active site consists almost entirely of residues from 
a single monomer wifhMet, 3, from the adjoining monomer being the only exception. 
Hiere are remarkably few chemically reactive residues in the active site. Four 
residues conserved in all the known CHS-related enzymes (Cysi64, Pheais, Hissos? and 
Asn336 of SEOIl)NO;D define the active site. Cysi64 apparently serves as flie 
nucleophile and as "die attachment site for poljdcetide intermediates as previously 
suggested for both CHS and STS (Lanz, et al, J. Biol. Chem. 266: 9971-9976>1991)- 
His303 most likely acts as a general base during the generation of a nucleophilic 
thiolate anion from Cys„ since the N of Hissos is within hydrogen bonding disftanoe 
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of the sulfur of Cysi^. Phesi^ and Asn33$ may function in the decarboxylation 
reaction, as discussed below. Topologically, three mterconnected cavities intersect 
with these four residues and fonn the active site architectureof CHS. These cavities 
include a CoA-binding tunnel, a coumaroyl-binding pocket, and a cyclization pocket. 

Please edit the three paragr^hs beginning at page 179, line 7 as follows: 

The CoA^binding tunnel is 16 angstroms long and links the suirounding 
solvent with the buried active site. Binding of the CoA moiety in this tunnel 
positions substrates at the active site, as observed in the C164S mutant of SEP ID 
NO:l (desoibcd in greater detail below) complexed with malonyl-or hexanoyl-CoA- 
The coxiformation of the CoA molecules bound to CHS resembles that observed in 
other CoA binding enzymes. The adenosme mxdeoside is in the 2'-endo 
conformation with an anti-glycosidic bond torsion angle. At the tunnel entrance, 
Lys55, Argss, and Lys62 of SEOIPNO:! hydrogen bond with two phosphates of 
CoA. Apart from these interactions, and an additional hydrogen bond between the 
backbone amide nitrogen of Alaaos of SEP IDNOil and the first carbonyl of the 
pantedieine moiety, van der Waals contacts dominate the remaining interactions 
between CHS and CoA. The pantetheine aim of the CoA extends into the enzyme 
positioning the terminally bound thioest^-linked substrates near CysiM of SEP ID 

Bothnaringenin and resveratrol bind at the active site end of the CoA- 
binding tunnel. The interactions observed in the naringenin and resveratiol 
complexes define the coumaroyl-binding and cyclization pockets (see Figure 5), The 
space to the lower left of the CoA-binding tunnel's end serves as the coumaroyl- 
bindmg pocket Residues of this pocket (Seri33, GIU192, Thrw, Thrw, and Sersas of 
SEP ID NPtI") surround tiie coumaroyMerived portion of the bound naringenin and 
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resveratrol molecules and interact primarily through van der Waals contacts. 
Howev^, the caibonyl oxygen of Gly2i6 of SEP ID NO;! hydrogen bonds to the 
phenolic oxygen of both naringenin and resverattol and the hydioxyl of Thri^y of 
SEP ID NO:l interacts with the caibonyl of naringenin derived from coumaroyl- 
CoA. Th^ identity of the residues in this pocket likely contribixtes to the preference 
foT coumaroyl-CoA as a substrate for parsley CHS over other dnnamoyl CoA starter 
molecules, like caffeoyl-or fendoyl-CoA. 

In both the naringenin and resveratrol complexes, the malonyl-derived 
portion of each molecule occupies a large pocket adjacent to Cysi64 of SEOIDNOrl 
suggesting this is where the polyk^de reaction intemediate q^lizes into the new 
ling system and where aromatization of the ring occurs. The six-carbon diain of 
hexanoyl-CoA also binds in this pocket. Physically, the size of the podcet limits the 
number ofacetate additions to three. Phe><< of SEP ID N0:1 separates the 
coumaroyl-binding site from the cyclization podket and may function as a mobile 
steric gate during successive rounds of polyketide elongation. Although apolyketide 
possesses a number of hydrogen bond acceptors through which specific interactions 
could aid in proper folding for the cyclization reaction, the residues of the cyclization 
pocket, including Thtm, Metis?, Phesu, ne254, Gly256, Pheaes, and Prosvs of SEQID 
NP:1. provide few potential hydrogen bond donors. As in the coumaroyl-binding 
pocket, van der Waals contacts dominate the interaction between CHS and both 
naringenin and resveratrol. Thus, the starface topology of the cyclization pocket 
dictates how the malonyl-derived portion of the polyketide is folded and how the 
stereochemistry of the cyclization reaction leading to (dbalcone formation in CHS and 
resveratrol formation in SIS is controlled. 
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Please edit the paragraph begiDmag at page 1 85, line 2 as follows: 

Absolute conservation of Cys!64, Pheas, HiS303, and Asnase of SEOIPNO:! 
occurs in CHS-like sequences, including several bacterial proteins possessing very 
low (typically 2030%) amino acid sequence identity. Moreover, all CHS-like 
proteins exhibit strong conservation of residues shaping the geometry of the active 
site (Proi38, Glyies, Glyi67, Leu2i4, Asp2i7, Gly262, Proaw, Glysos, Glysos. Gly^zs, 
Gly374, Pr03735 and GIU376 of SEOmNOtiy Althou^ the functions of die bacterial 
CHS-hke proteins remain unknown, these enzymes likely form polyketides or 
polj^cetide-CoA thioesters in a maimer resembling CHS. However, steric diffidences 
resulting from sequmce variation in both the coumaroyl-binding podcet and the 
cyclization pocket strongly suggest alternate substrate and product specificity in tibie 
bacterial enzymes. 

Please edit the paragr^h beginning at page 191, line 8 as follows: 

Functional diversity among o1]ie±omodimeric iterative PKSs, like 
p-ooumaroyltriac^c add synthase (CPAS), acridone synthase (ACS), and flie rppA 
protein from Streptomyces griseusy likely results fix)m variations of residues lining 
the initiation/elongation cavity. As demonstrated, positions 197, 256, and 338 of 
SEP IP NO:l distinguish between tetraketide products derived from a final Claisen 
condensation in wild-type CHS and triketide products derived from an enolate- 
directed condensation in the CHS triple mutant. Altiioxigh CHS, CTAS, and ACS 
generate tetraketides, each enzyme differs in either the cyclization reaction or in the 
identity of the starter motecule. CTAS forms the same enzyme-bound tetraketide as 
CHS but does not catalyze the final cyclization reaction. Comparison of these two 
enzymes reveals fliat substitution of Thr 197 of SEP ID NO:l in CHS with an 
asparagine in CTAS may prevent the covalently-boimd tetraketide intermediate from 
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undergoing cydization into chalcone. ACS uses N-methylanthranoyl-CoA as a 
starting substrate to produce the alkaloid amdone. Three differences between CHS 
CllMri32, Seri33, and Phe265 ofSEOIDNO;!^ and ACS (Seroi, Ala,33, and Valies) 
may alt^ starter molecule spedficily. Jn ACS, these changes likely widen the 
portion of the cavity corresfponding to the /^-coumaroyl-binding site in CHS to 
accommodate N-methylantbranoyl'-CoA binding. Comparative changes in the active 
site cavity allow fomiation of long^ polyketides. The tppA protein forms a 
pentaketide from five acetates derived from malonyl-CoA decarboxylation. Thro?. 
Ala^38, Thri^9, Len202, Met259> Leu26i* Leuzea, PrO304, and 110343 of 2-PS are replaced 
hy Cysioe, Thrio?, Cysies, Cysni, Ile228, Tyr23o, Pheas?, Ala26i, and Ala295, 
respectively, in the rppA protein. Models of the rppA protein based on the 2-PS and 
CHS structures show that cavity volimie is 11 45 in the rppA protein versus 274 
in 2-PS (or 923 A^ in CHS). Manipulation of the active site through amino add 
substitutions offers a strategy for increasing the molecular diversity of pol>l!cetide 
formation through both the choice of starter molecule and the number of subsequent 
condensation steps. 
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